ARMY RESEARCH LABORATORY

Electrothermal-Chemical (ETC)
Temperature Sensitivity of JA2
7 Perf Propellant

M. Del Guercio
1. Stobie
W. Oberle

ARL-TN-67 June 1996

19960627 021

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.

DTIC QuALITY INSPECTED 1




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



NOTICES

Destroy this report when it is no longer needed. DO NOT return it to the originator.

Additional copies of this report may be obtained from the National Technical Information
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department of the Army
position, unless so designated by other authorized documents.

The use of trade names or manufacturers' names in this report does not constitute
indorsement of any commercial product.




b}

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
coilection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate Tor information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE
June 1996

3. REPORT TYPE

AND DATES COVERED

Final, 1-31 March 1995

4. TITLE AND SUBTITLE .

Electrothermal-Chemical (ETC) Temperature Sensitivity of JA2 7 Perf Propellant

5. FUNDING NUMBERS

PR: 1L162618AH80

6. AUTHOR(S)

M. Del Guercio, L. Stobie, and W. Oberle

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

U.S. Army Research Laboratory
ATTN: AMSRL-WT-PA
Aberdeen Proving Ground, MD 21005-5066

8. PERFORMING ORGANIZATION
REPORT NUMBER

ARL-TN-67

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

rate for the 48.9° C and -31.7° C cases, respectively.

The temperature sensitivity of JA2 7 perf propellant was studied by conditioning it to 21.1° C, 48.9° C, and -31.7° C.
The firings were conducted in a 120-cc closed chamber, conventionally and with plasma injection (ETC), using a 1.2-ms
pulse width provided by four banks of a 400 kJ PFN (Pulse Forming Network). The study showed a decrease in the burn
rate between the ETC firings at 21.1° C and the conventional at the same temperature, but it showed an increase in the burn

14. SUBJECT TERMS

electrothermal-chemical, propellant, JA2 7 perf propellant, sensitivity

15. NUMBER OF PAGES
55

16. PRICE CODE

17. SECURITY CLASSIFICATION [ 18. SECURITY CLASSIFICATION
OF REPORT OF THIS PAGE

UNCLASSIFIED UNCLASSIFIED

19. SECURITY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT

OF ABSTRACT
UNCLASSIFIED

SAR

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102




INTENTIONALLY LEFT BLANK.

ii



TABLE OF CONTENTS

LISTOFFIGURES ... ettt it e iaaeeae s

. BACKGROUND .. ... ittt it e iaeeaenans

. EXPERIMENTAL FIRINGS ... ... ittt

. SUMMARY OF RESULTS . ... ittt ittt i it annennn

. CONCLUSIONS .. i i i i i it ettt it aaa e

. REFERENCES . . ... ittt ittt aanaanenns

APPENDIX A: CONVENTIONAL AND ETC SET UP FOR 120 CC
CLOSED CHAMBER . .. ... ittt ittt iiiiee it tnnennonns

APPENDIX B: TEST FIRING MATRIX ........ ...
APPENDIX C: FIRING INFORMATION DATA SHEETS ................

APPENDIX D: EXPERIMENTAL PRESSURE AND PFN ENERGY :
OUTPUT . ..t it et it ettt e ittt et naaaannens

APPENDIX E: BURN RATES . . . . ... it ettt iiiae e

DISTRIBUTION LIST . ...ttt ia et

iii




INTENTIONALLY LEFT BLANK.

iv



LIST OF FIGURES

Figure Page
1. Conventional firings at 21.1° C, 48.9° C,and -31.7°C ................ 2
2. "Ambient" plasma burn rates vs. "ambient" conventional ............... 3
3. "Hot" plasma burn rates vs. "hot" conventional ...................... 3 |
4, "Cold" plasma burn rates vs. ""cold" conventional .................... 4
5. "Ambient" plasma vs. "conventional" at 21.1° Cand 48.9°C ............ 5
6. "Hot" plasma vs. "conventional” at 21.1° C and 48.9°C ...... e 5
7. "Cold" plasma vs. "conventional" at 21.1° Cand -31.7°C .............. 6
A-1. ETC closed vessel and PFN layout ............. .. .. vy 13
A-2. Conventional mode data acquisition layout ................. ..ot 13
A-3. ETC mode data acquisition layout . .......... ... ... i 14
D-1. Ident 411581 (ETC), pressure vS. time. . ........ccvueunenoneceennns 29
D-2. Ident 4115S1 (ETC), energy vs. time. .. ... ..o veruneeeenerennsnn 29
D-3. Ident 4115S2 (ETC), pressure vS. tiMe. . ... ...cverrueeeononeeennns 30
D-4. Ident 411582 (ETC), energy vs. time. . ......c.uveuueeneeoenconenns 30
D-5. Ident 4125S3(ETC), pressure vs. time. . ... v covvvv e eeenesonnnnn 31
D-6. Ident 412583 (ETC), energy vs. time. ... ....covivenneenenasoansns 31
D-7. Ident 417554 (ETC), pressure vS. time. . ..o vvvvvvvuneenenensunnsn 32
D-8. Ident 417584 (ETC), energy vs. time. .. ... ..o veruneeennonsennann 32
D-9. Ident 4205S5 (ETC), pressure vs. time. ... ... veeuuiieenenensanosen 33
D-10. Ident 4205S5 (ETC), energy vs. time. . .......uvvuninunneneenesans 33




Figure

D-11.

D-12.

D-13.

D-14.

D-15.

Ident 420586 (ETC), pressure vs. time. . ...
Ident 4205S6 (ETC), energy vs. time. .....
Ident 425587 (éonventionai), pressure vs. time
Ident 4265S8 (conventional), pressure vs. time

Ident 427589 (conventional), pressure vs. time

vi

.......................

.......................

.......................

.......................

.......................

34

34

35

35

36



1. BACKGROUND

Electrothermal and Chemical (ETC) closed chamber firings in support of the US Army’s ETC
propulsion technology program using JA2, 7 perf propellant (RAD-PE-792-71), were conducted
in April 1995. These firings used a 400 kJ upgraded pulse forming network (Del Guercio et al.
1995) to determine the temperature sensitivity of the propellant. A modified configuration
consisting of four banks was used instead of the full eight banks (eight capacitors and eight
inductors), with the purpose of using a shorter 1.2 ms pulse length instead of the full 2.4 ms.
To obtain an energy output in the range of 20 kJ, a charging voltage of 4 kV was selected
(Del Guercio et al. 1996).

2. EXPERIMENTAL FIRINGS

Nine firings were conducted in this series. The first six consisted of three pairs of ETC
firings done at three different temperature ranges; 21.10° C, 48.9° C, and -31.7° C. They will
be referred to as "ambient" plasma, "hot" plasma and "cold" plasma firings. The last series of
three firings consisted of the baselines for the previous six, and were comprised of conventional
firings (via electric match ignition and FFFG black powder pellets), fired at the same
temperatures (i.e., 21.1° C, 48.9° C, and -31.7° C). The firing information sheets for these firings
are included in Appendix C. Experimental pressure and PFN energy are shown in Appendix D,

and the actual burn rate data are shown in Appendix E.

3. SUMMARY OF RESULTS

The three baseline tests obtained through conventional ﬁrings' (non-ETC firings), idents
0425557 at 21.1° C, 0426588 at -31.7° C and 0427589 at 48.9° C are shown in Figure 1. These
plots indicate that for the conventional firing the burning rate of the propellant depends on its

conditioning temperature, as the ambient locus is displayed between the hot and the cold.



Rate cm/s

Burn

10 - g 8425587 conv 21.1°C
-— =~ P426558 conv -31.7°C
o ” »wuux P427559 conv 48.9°C

[ 2 3
100
Pressure MPe

Figure 1. Conventional firings at 21.1° C, 48.9° C, and -31.7° C.

The plasma firings (ETC firings) done at "ambient" (21.1° C), hot (48.9° C) and cold
(-31.7° C) temperatures, correspond to the idents 0411551 and 04115S2 for ambient, 0412583
and 0417554 for hot, and 04205S5 and 04205S6 for cold, respectively.

Burn rates for the plasma firings performed at "ambient" temperature (21.1° C) are plotted
vs. the conventional firing at the same temperature (Figure 2). The "ambient" plasma burn rates

(idents 04115S1 and 04115S2) show a decrease with respect to the ''conventional” burn rate
baseline at 21.1° C (ident 04255S7).

Burn rates for the "hot" plasma firings performed at 48.9° C (idents 0412553 and 0417554)
are plotted along with the "conventional" burn rate at the same temperature (ident 0427559) on
Figure 3. An enhancement of the burn rates for the plasma "hot" tests can be observed with

respect to the "conventional" baseline at the same temperature.

Burn rates for the "cold" plasma (-31.7° C) firings are plotted (idents 0420585 and 04205S6)
vs. the "conventional" burn rate at the same temperature (ident 04265S8) in Figure 4. Also in
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Figure 2. "Ambient" plasma burn rates vs. "ambient" conventional.
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Figure 3. '"Hot" plasma burn rates vs. "hot" conventional.




this case, an enhancement on the burn rates for the "cold" test can be observed with respect to

the "conventional" burn rate baseline at the same temperature.

To compare the effects of plasma injection on the propellant conditioned at the three different

temperatures, burn rate change vs. pressure is plotted as:

1) "Ambient" plasma(21.1° C) burn rate vs. "conventional" burn rate baselines at 21.1° C
and 48.9° C (Figure 5).

2) "Hot" plasma (48.9° C) burn rate vs. "conventional" burn rate baselines at 21.1° C and
48.9° C (Figure 6).

3) "Cold" plasma (-31.7° C) burn rate vs. "conventional" burn rate baselines at 21.1° C and -
31.7° C (Figure 7).

Rate cmss

Burn

—— @426558 conv -31.7°C
--—- P4205S5 ETC -31.7°C
»wwuu P420556 ETC -31.7°C

7 T T
3 T T

100

T 1
2 3

Prossure MPa

Figure 4. "Cold" plasma burn rates vs. "cold" conventional.
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Figure 5. "Ambient" plasma vs. "conventional" at 21.1° C and 48.9° C.
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Figure 6. "Hot'" plasma vs. "conventional" at 21.1° C and 48.9° C.
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Figure 7. "Cold" plasma vs. "conventional" at 21.1° C and -31.7° C.

4. CONCLUSIONS

The burn rate percent differences between the "ambient" plasma (Figure 5) and the "ambient"
conventional baseline is 14% (negative). The burn rate percent difference between the "hot"
plasma (Figure 6) and the "hot" conventional baseline is 11.5%, while the burn rate percent

difference between the "cold" plasma (Figure 7) and the "cold" conventional baseline is about

11.2%.

The injection of the "hot" plasma at 48.9° C (Figure 6) shows a more enhanced burn rate than

the "cold" plasma firing at -31.7° C (Figure 7), while Figure 5 shows no enhancement at all for

the "ambient" plasma injection.

The burn rate obtained for the "ambient" plasma injection agrees with previous data (Fortier

et al. 1992) in which no noticeable effect has been observed for ETC firings at room temperature.



The increase on the burn rates for the "hot" plasma injection and the "hot" conventional cases,

could be explained as related to the added energy used to condition the propellant up to 48.9° C.

One possible scenario for the behavior of the "cold" plasma (-31.7° C) firing, could be the
fragmentation of the cold conditioned propellant as is impacted by the pressure waves and the initial
plasma jet. This fragmentation would cause an increase in the propellant surface area which will
then cause an increase in the apparent burning rate. Further tests will determine the repeatability

of the "cold" conventional below the "ambient" conventional baseline.
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The pulse forming network (PFN) configuration used for the closed chamber plasma injection
uses only four banks (four capacitor-inductor sets) of the eight available. The pulse obtained is
close to the 1.2-ms width desired. Figure A-1 schematic shows two of the banks and the PFN
and closed vessel layout. Instrumentation for the conventional firing is shown in Figure A-2,
where electric match ignition is obtained through an "impulse" firing box and data is recorded
on the oscilloscopes through fiber optic links. Plasma injection (ETC) is obtained by discharge
of the energy stored in the PFN as its closing switch (ignitron) is activated by a trigger signal.
The configuration for ETC data acquisition is shown in Figure A-3.

= — Zinductor
/-—‘ l Fcooocitor

|
b= common-

Lo~/
= T Zinductor
an ~copacitor

A7,

ERGSION NOZZLE— PLASHA
VENT VALVE \\ CHAMBER
Y—GAGE# 1 \ /= ANODE
\ 3 \\\\. / 27 5'//’/ \
NN Tmois 7 —
C

| /
{__DIDDE—/V comnon-
/

i / / N PLASMA Ignitron switch
GAGER 2 —/ / GENERATOR

/
R —

Figure A-1. ETC closed vessel and PFN layout.

KISTLER
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GAUGE | CLOSED PFN ‘ TRIGGES
BOMB IGNITRON

G
GAUGE [ ]
- L NICOLET
] 1
- - SCOPECS
TRANMITTER| RECEIVER cggf:m
L= ] 1

Figure A-2. Conventional mode data acquisition layout.
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TRANSMITTER IRECEIVER

T R

l

DYMEC {F-0 DYMEC

NICOLET
SCOPE

|

NICOLET
SCOPE

L |

il

ELECTRIC I
MATCH
TRIGGER

CDNTRUJ
ROOM J

Figure A-3. ETC mode data acquisition layout.
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Table B-1 below, shows the sequence of the firings according to the order they were
conducted. The conventional firings show zero electrical energy (kJ), zero electrical energy

density (kJ/g), and zero pulse forming network (PFN) charging voltage (kV).

Table B-1. JA2 7 Perf Temperature sensitivity firings

Electrical
Loading Energy PFN Charging
ID No. Density Temp | Energy Density Voltage

(gfem’) ) | @ (/g) kV)
0411581 0.22 21.1 21 0.78 4
0411582 0.22 21.1 21 0.78 4
0412583 0.22 48.9 22 0.82 4
0417584 0.22 48.9 21 0.78 4
04205S5 0.22 -31.7 24 0.89 4
04205S6 0.22 -31.7 23 0.86 4
0425587 0.23 21.1 0 0 0
04265S8 0.22 -31.7 0 0 0
0427589 0.22 48.9 0 0 0

17
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ETCTENML. INFORMATICY = FOR ITC CLOSED CHAMBER FIRING
DATE:04/11/93 SERIEZS RUN - PRCJECT: 129.{ CLOSEC CHAMBZ:

PROPELLANT TYPL:JA2;7pers ;10T =:RAD-PE-7G2-71 SAMPLE TREATMENT: 707
SAMPLE WEIGHT:26.934¢ GRA DIMENSION:0.6"L, 0.2"D; 0.03 WZZ
CHAMBERVOL: 129.4cc ALCMAY PRESSURI: 290MPa  WINDOW: 20ms

PFNPULSE LERGTE:..2ms 2FN SCHEMATIC=:5caps@830ur ea.&4ind@ 30ukiea
PFN vin DC:4.0kV: EXPECTID EINERGY:18.4kJ@ 70%efficy;WINDOW i4nms
PEARSON’S CAL K:2630: .

pPfn’s ROGOVSKI#2CAL K: 82.432+06:vessel’s ROGOVSKI:1CAL K:80.49E+05

i8¢ SIDZ GAGE#2 SN(P2): C1992:
-02igage=2:1lrstdegfit coef 5, 21E~C2

MUZZLE GAGE#1 SN(P1): C4
gagerl:lrstdecfit coefs

[T

CALIBRATION
!t***SCOPE A***tt "***SCOPE Bhkxxx
CAL (DC)VOLTAGE IN :XN2 CAL (DC)VOLTAGE IN:8.0 V
DISK ID: =4 DISX D: 120cc=4
TRACKID: TRACK ID:6

CAL$1(gage$l) /CHAN i1aA: 3

CAL:zl(gageszl)/CHAN 1A:8.0 -
VCAL VOLTAGE OUT:

CAL VOLTAGEZ OUT: 9.28V

CAL72 (gage#2) /CHAN 1B:n2 CAL?2(gage#2)/CHAN 2A:8.0 =

CAL VOLTAGE OUT: CAL VOLTAGE OUT: 8.07 Vv
FIRING

*kkk* SCOPE Axwerxx *ekkk*SCOPE Bhkkwr

DISK ID:ETC#4 DISK ID:120cc#4

TRACK ID:2 TRACK ID:7

SENSITIVITY: MIN SENSITIVITY:MIN

CHANNEL WINDOW E.RATE CHANNZL WINDOW 5.RATE

1a: pP1 20ms Susxznt 1a: P 8.0ms 2usxpn:

1B: P2 20ms Susxpnt 2A: P2 20ms Susxpnt

23:di/at  4ms lusxpnt 2A: NA

2B: V 4ns lusxpnt 18: ROGOSVKY#2

ROGOVSKY#1 (m.A/V.s):> ROGOSVSKY#2 (D.A/V.S} :2bSam

PRESSURE MAX(MPa) :15C PRESSURE MAX(MPa) :28C

SCOPE ID:B SCOPE ID:B
GAGE ID: #1 GAGE ID:#2
NOTES:

1l wrap of cellophane tape
27.346g total weigth

opague grease in both cage Dorts

ETCTEMLL IXFTORMATION SHEET FTCR ITC CLOSED CHAMBER FIRING
DATE:04/11/95 SERIZS RUN=: I ©PROJECT: 129.0 CLOSED CHAMBER

PROPELLANT TYPZ:ZA2:7perf;LOT =:RAD- =-792-71 SAMPLE TREATMENT: 70F
SAMPLE WEIGHT:Z5.888c GRAIN DIMZKSION:O. 6"L, 0.2"D: 0.03 WE2
CHAMBERVOL:125.3c= CALCMAX PRESSURI: 290MPa WINDOW: 20ms

PFNPULSE LENGTE:..2ms PFN SCHEMATIC:=:4Ccaps@830uF ea.&4inde 30uHea
PFN Vin DC:4.0k%V: EXPECTED ENERGY:13.4kJ@ 70%efficy;WINDOW :4ms
PEARSON’S CAL K:2830;

PIn’s ROGOVSKI#2CAL K:€2.45E+06:vessel’s ROGOVSKI#1CAL K:82.56E+06

Z2LE GAGE#1 SN(P1l): C4718S SIDE GAGE:2 SN(P2): 19928
gagesl:lrstdegfit coeff:5.762—02:gage;z:l:stdegfit coeff:5,21E-02

CALIBRATION

Xk kkSCOPE Axrwws

CAL (DC)VOLTAGE =N :NA
DISK ID: ETC=2
TRACKID:

CALr1(gage3l) /CHAN 1A: Na
VCAL VOLTAGE OUT:

%2 (gage#2) /CHAN 1B:N2
CAL VOLTAGE OTT:

*k%k%k% SCOPE Axwwsx
DISK ID:ETC#4
TRACK ID:3
SENSITIVITY: MIN

CHANNEL WINDOW S.RATZ

iA: Pl 20ms Susxpnt
1B: P2 20ms Susxpnt
2A:di/dt  4ms lusxpnt
2B: V 4ms lusxpnt

ROGOVSKY#1 (m.A/V.s)

PRESSURE MAX(MPa):260
SCOPE ID:B
GAGE ID:#1

NOTES: Swaple wuiei & 2&. E2G
1 wrap of cellophane tape
27.311g total weigth

opaque grease in both gage ports

*xkxkSCOPE Brkaanx
CAL (DC)VOLTAGE IN:8.0 V
DISK D: lL20ccr4
TRACX ID:8

Cil7l(gagezl) /CHAN 1A:8.0 V
CAL VOLTAGE OUT: 9.235V

CAL72 (gages2) /CHAN 2A:8.0 V
CAL VOLTAGE OUT: 9.03 Vv

FIRING

*2*k*kSCOPE Bhtwwx
DISK ID:120cc#4

TRACK ID:9
SENSITIVITY:MIN
CHANNEZ WINDOW S.RATE
1A: Pl 8.0ms 2usxpnt
2A: P2 20ms Susxpnt
2A: Na

1B: ROGOSVKY#2 lusxpil
ROGOSVSKY#2 (m.A/V.s)

PRESSURE MAX(MPa) :270

SCOPE ID:B
GAGE ID:#

21



ETCTEML1 INFORMATION SHEET FOR ETC CLOSED CHAMBER FIRING
DATE:04/10/95 SERIES RUN7:3 PROJECT: 129.0 CLOSED CHAMBER
PROPELLANT TYPE:JA2;7pers;LOT :RAD-PE~792-71 SAMPLE TREATMENT:120F
SAMPLE WEIGHT:26.946g GRAIN DIMENSION:0.6"L, 0.3"D: 0.03 WEB
CHAMBERVOL:129.4cc CALCMAX PRESSURE: 290MPa  WINDOW: 20ms

PFNPULSE LENGTH:1.2ms PFN SCHEMATIC#:4caps@830urf ea.&4ind@ 30uHea
PFN Vin DC:4.0kV: EXPECTED ENERGY:18.4kJe 70%efficy:WINDOW :4ms
PEARSON’S CAL K:2630;

vessel’s ROGOVSKI#1CAL K:82:4BE+06;:pfn’s ROGOVSKI42CAL K:82.48E+06

MUZZLE GAGE#¥1 SN(P1}: C4718% SIDE GAGE#2 SN(P2): C19928
gage#l:lrstdegfit coeff:5.76E-02;gages2:1rstdegfit coeff: 5.21E~02

CALIBRATION
*k XXX SCOPE Axx*kx
CAL (DC)VOLTAGE IN :NA
DISK ID:__ ETC#4
TRACKID:

*kk**SCOPE Bhwskas
CAL (DC)VOLTAGE IN:8.0 V
DISK D: 120cc#4
TRACK ID:10

CAL#1 (gage#1)/CHAN 1A: NA
VCAL VOLTAGE OUT:

CAL7l(gage#l)/CHAN 1A:8.0 V
CAL VOLTAGE OUT: 9.26V

#2 (gage#2) /CHAN 1B:NA
CAL VOLTAGE OUT:

CAL#2 (gage#2)/CHAN 2A:8.0 V
CAL VOLTAGE OUT: 9.065 V

FIRING
kkkkk SCOPE A%xwans
DISK ID:ETC#4
TRACK ID:4

***x*SCOPE Brawxs
DISK ID:120cc#4
TRACK ID:11

SENSITIVITY: MIN SENSITIVITY:MIN

CHANNEL WINDOW S.RATE CHANNEL WINDOW S.RATE
1A: P1 20ms Susxpnt 1a: P1 8.0ms 2usxpnt
1B: P2 20ms Susxpnt 2A: P2 20ms Susxpnt
2A:di/dt 4ms lusxpnt 2A: NA

2B: V 4ms lusxpnt 1B: ROGOSVKY#2 , 2psapn(

ROGOVSKY#1 (m.A/V.s) ROGOSVSKY#2 (m.A/V.s)
PRESSURE MAX(MPa):260
SCOPE ID:B
GAGE ID:#1

PRESSURE MAX(MPa):270
SCOPE ID:B
GAGE ID:#2

NOTES: wans 04 /(2 /45
1 wrap -cellophane 27.329g total weigth
opaque grease in both gage ports

Previous firing got Rogosvkyil replaced

At this firing Rogovsky #2 broke .

ETCTEML1 INFORMATION SHEET FOR ETC CLOSED CHAMBER FIRING
DATE: 04/1%/95 SERIES RUN#:5 PROJECT: 129.0 CLOSED CHAMBED
PROPELLANT TYPE:SA2;7pers;LOT #:RAD-PE-792-71 SAMPLE TREATMENT: 120F
SAMPLE WEIGHT:26.901g GRAIN DIMENSION:0.6"L, 0.3"D; 0.03 WEB
CHAMBERVOL:125.4cc CALCMAY PRESSURE: 290MPa WINDOW: 20ms

PFNPULSE LENGTH:1.2ms PFN SCHEMATIC#:4caps€830ur ea.&4indeé 30uHea
PFN Vin DC:4.0kV; EXPECTED ENERGY:18.4kJ@ 70%efficy;WINDOW :4ms
PEARSON’S CAL- K:2630;

vessel’s ROGOVSKI#1CAL K:82.34E+06;pfn’s ROGOVSKI#2CAL K:82.56E+06

MUZZLE GAGE#1- SN(P1l): C4718¢ SIDE GAGE#2 SN(P2): C19928
gage#l:lrstdegfit coeff:5.76E~02:gages2:1rstdegfit coeff:5.21E-02

CALIBRATION

**k kXX GCOPE Akskkkx

CAL (DC)VOLTAGE IN :Na
DISK ID: T4
TRACKID: -

CAL72(gage#1)/CHAN 1A: Na
VCAL VOLTAGE ©OUT:

#2(gage#2)/CHAN 1B:NA
CAL VOLTAGE QUT:

k*k*k SCOPE A**k*x
DISK ID:ETC#4
TRACK ID:5S
SENSITIVITY: ‘MIN

CHANNEL  WINDOW S.RATE

dA: P 20ms Susxpnt
1B: P2 20ms Susxpnt
2a:di/dt  4ms lusxpnt
2B: V 4ms lusxpnt

ROGOVSKY#1 (m.A/V.s)
PRESSURE MAX(MPa) :250
SCOPE ID:B

GAGE ID:#1

NOTES: s @ 04 N\7/A%

* Xk k*SCOPE Bhkhktx
CAL (DC)VOLTAGE IN:8.0 V
DISK D: 1l20ccs4
TRACK ID:13

CAL#l(gages#1l)/CHAN 1A:8.0 V
CAL VOLTAGE OUT: 9.230V

CAL#2(gage#2) /CHAN 2A:8.0 V
CAL VOLTAGE OUT: 9.025 Vv

FIRING

**kXx*SCOPE Bhwxkx
DISK ID:l20cc#4

TRACK ID:12
SENSITIVITY:MIN
CHANNEL WINDOW S.RATE
1a: P1 20.0ms Susxpnt
2A: P2 20ms Susxpnt
2A: N2

1B: ROGOSVRY#2 , Susaral
ROGOSVSKY#2 (m.A/V.s)

PRESSURE MAX(MPa):260
SCOPE ID:B
GAGE ID:#

1 wrap cellophane 27.273g total weigth

vessel’s side Rogovskyil defective
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ETCTEML1 INFORMATION SHEET FOR ETC CLOSED CHAMBER FIRING
DATE:04/20/95 SERIES RUN7:5 PROJECT: 129.0 CLOSED CHAMBER
PROPELLANT TYPE:JA2;7perf;LOT #:RAD-PE~792~71 SAMPLE TREATMENT: -25F
SAMPLE WEIGHT:26.803g GRAIN DIMENSION:0.6"L, 0.3"D; 0.03 WEB
CHAMBERVOL:129.4cc CALCMAX PRESSURE: 290MPa WINDOW: 20ms

PFNPULSE LENGTH:l.2ms PFN SCHEMATIC#:4caps€830uf ea.&4ind@ 30uHea
PFN Vin DC:4.0KV; EXPECTED ENERGY:18.4kJ@ 70%efficy;WINDOW :4ms
PEARSON'’S CAL XK:2630:

vessel’s ROGOVSKI#1CAL K:80.79E+06:pfn’s ROGOVSKI#2CAL K:82.56E+06

MUZZLE GAGE#1 SN(Pl): C4718% SIDE GAGE»2 SN(P2): €19928
gageil:1lrstdegfit coeff:5.76E-02;gage72:1lrstdegfit coeff:5.21E~02

CALIBRATION
*k*kkRSCOPE Avkknk ****k%*SCOPE Bikxxx
CAL (DC)VOLTAGE IN :NA CAL (DC)VOLTAGE IN:8.0 V
DISK ID: ETC#4 DISK D: 120cc#4
TRACKID: TRACK ID:1l4

CAL#1(gage#l) /CHAN 1A: NA

CAL#l(gage#l)/CHAN 1lA:8.0 V
VCAL VOLTAGE OUT:

CAL#?2 (gage#2) /CHAN 1B:NA
CAL VOLTAGE OUT:

*kkkk SCOPE Axkkax
DISK ID:ETC#4

CAL VOLTAGE OUT: 9.295v

CAL#2 (gage#2)/CHAN 2A:8.0 V
CAL VOLTAGE OUT: 9.9%5 v

FIRING

*kkx*SCOPE Bhrksk
DISK ID:1l20cc#4

TRACK ID:6 TRACK ID:15

SENSITIVITY: MIN SENSITIVITY:MIN

CHANNEL WINDOW S.RATE CHANNET WINDOW S.RATE
1A: P1 20ms susxpnt 1a: Pl 26 .0ns Susxpnt
1B: P2 20ms Susxpnt 2a: P2 20ns Susxpnt
2A:disdt  4ms lusxpnt 2A: NA

2B: V 4ms lusxpnt 1B: ROGOSVKY#2

ROGOVSKY#1 (m.A/V.s) ROGOSVSKY#2 (m.A/V.s)
PRESSURE MAX(MPa):too low(190) PRESSURE MAX(MPa) :270

SCOPE ID:B SCOPE ID:B

GAGE ID:#1 . GAGE ID:#2

NOTES:

sample wrapped in cellophane,27.185g total weigth

new vessel’s side Rogovskysl installed

ETCTEMLL INFORMATION SHEET FOR ETC CLOSED CHAMBER FIRING
DATE:04/20/95 SERIZS RUN%:6 PROJECT: 129.0 CLOSED CHAMBER
PROPELLANT TYPE:JA2;7perf;LOT =:RAD-PE-792-71 SAMPLE TREATMENT:-257%
SAMPLE WEIGHT:26.812g GRAIN DIMENSION:0.6"L, 0.3"D; 0.03 WEB
CHAMBERVOL:129.4cc CALCMAX PRESSURE: 290MPa WINDOW: 20ms

PPRPULSE LENGTH:1l.2ms PFN SCHEMATIC#:4caps@830uF ea.&4ind@ 30uHea
PFN Vin DC:4.0KV; EXPECTED ENERGY:18.4kJ@ 70%efficy:WINDOW :4ms
PEARSON’S CAL Kz:2630;
vessel’s ROGOVSKI#1CAL K:80.79E+06;pfn’s ROGOVSKI#2CAL K:82.56E+06
MUZZLE GAGE#1 SN(P1): C47189 SIDE GAGE#2 SN(P2): €19928
gage#l:lrstdegiiz coeff:5.76E~-02;gages2:1rstdegfit coeff:5.21E~02
) - CALIBRATION
*ERkXSCOPE Artikx

**kk*k*SCOPE Bhrkxx
CXL (DC)VOLTAGE IN :NA

CAL (DC)VOLTAGE IN:8.0 V

DISX ID: ETC#» DISK D: 120ccw4

TRACKID: TRACK ID:16

CAL#1 (gage#l) /CHAN 1A: NA CAL#l(gage#1l)/CHAN 1A:8.0 V

VCAL VOLTAGE OUT: N CAL VOLTAGE OUT: 9.310V

CAL#2 (gage#2) /CHAN 1B:N2A CAL#2 (gage#2)/CHAN 2A:8.0 V

CAT, VOLTAGE OUT: CAL VOLTAGE OUT: 9.025 Vv
FIRING

kkkkr SCOPE Axsrwwsk *kkxkkkSCOPE Bhkkxx

DISK ID:ETC3#4 DISK ID:120cc#4

TRACK ID:7 TRACK ID:17

SENSITIVITY: MIN SENSITIVITY:MIN

CHANNEL WINDOW S.RATE CHANNEL WINDOW S.RATE

1A: P1 20ms Susxpnt 1A: Pl 2€.0ms Susxpnt

1B: P2 20ms Susxpnt 2A: P2 20ms Susxpnt

2A:di/dt 4ms lusxpnt 2A: NA

2B: V 4ms lusxpnt 1B: ROGOSVKY#2 , Susapni

ROGOVSKY#1 (m.A/V.s)
PRESSURE MAX(MPa):
SCOPE ID:B

GAGE ID:#1

NOTES:

ROGOSVSKY#2 (m.A/V.Ss)

PRESSURE MAX(MPa):270
SCOPE ID:B
GAGE ID:#

sample wrapped in cellophane,27.145g total weigth

new vessel’s side Rogovsky#l worked fine.

guﬁl AV drd vl Resoed
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CONTML1 INFGRMATION SHEET FOR CLOSED CHAMBER FIRING
DATE:04/25/25 SERIES RUN#:7 PROJECT: 129.0 CLOSEC CHAMBER
PROPELLANT TYDPE:JA2:7perf;LOT 5:RAD-PE-792-71 SAMPLE TREATMENT:70F
SAMPLE WEIGET:27.182¢ GRAIN DIMENSION:0.6"L, 0.3"D; 0.03 WEB
CHAMBERVOL:126.4cc CALCMAX PRESSURE: 270MP2  WINDOW: 20ms

MUZZLE GAGE#1 SN(P1): C20303 SIDE GAGE#2 SN(P2): C19928
gage#l:lrstdegfit coeff:5.24E~02 :gage#2:1lrstdegfit coeff£:5.21E-02

*kx*xSCOPE A®x***

CAL (DC)VOLTAGE IN :NA
DISX ID: Na
TRACKID:

CAL#1(gage#l) /CHAN 1A: NA
VCAL VOLTAGE OCUT:

CAL$2 (gage#2) /CHAN 1B:NA
CAL VOLTAGE OUT:

kxkkx SCOPE Akkrxk
DISK ID: Na
TRACK ID:
SENSITIVITY: MIN

CHANNE
1A:
1B:
2A:
2B:

WINDOW S.RATE

PRESSURE MAX(MPa):250
SCOPE ID:B
GAGE ID:#1

NOTES:

Z3RATION

xkkx*SCOPE Batwdkx
CAL (DC)VOLTAGE IN:8.0 V
DISK D: 120cc#4

TRACK ID:18

CALz1l(gages1l) /CHAN 1A:8.0 V
CAL VOLTAGE OUT: 9.390V

CAL#2(gage#2) /CHAN 2A:8.0 V
CAL VOLTAGE OUT: 8.13 V

FIRING

*k*kxkSCOPE Bikkkd
DISK ID:120cc#4

TRACK ID:19

SENSITIVITY:MIN

CHANNEL WINDOW S.RATE
1A: Pl 20ms Susxpnt
2A: P2 20ms ‘Susxpnt
1B: NA

2B: NA

PRESSURE MAX(MPa):250

SCOPE ID:B

GAGE ID:#$2

sample wrapped in cellophane.27.95%g total weigth

0.575g FFFG, electric match

CONTML:
DATE:04/26/95

INFORMATION

MUZZLE GAGE#1 SN(P1): C20303

SHEZT FOR
SERIEZS RUN#:8
PROPELLANT TYPE:JA2;7perf:LOT 7:
SAMPLE WEIGHT:27.384g GRAIN

CHAMEERVOL: 129.4cc' CALCMAX PRESSURE: Z70MPa

CLOSED CHAMBER FIRING
PROJECT: 129.0 CLOSED CHAMBER

D-PE-792-71 SAMPLE TREATMENT:~25%
DIMENSION:O.6"L,

0.3"D: 0.03 WEB
WINDOW: 20ms

SIDE GAGE#2 SN(P2): Cl9928

gageil:1lrstdegfit coeff:5.24E-02;gager2:1rstdegfit coeff:5.21E-C2

*rkkXASCOPE Ax***s
CAL (DC)VOLTAGE IN :NA
DISK ID: NA
TRACEID:

CAL#1(gage#l) /CHAN 1A: Na
VCAL VOLTAGE OUT:

#2(gage#2) /CHAN 1B:Na
CAL VODLTAGE OUT:

whkwk SCODE Akwrsx
DISK ID: NA
TRACK ID:
SENSITIVITY: MIN

CHANNEL
1iA:
1B:
2A:
2B:

WINDOW S.RATEZ

‘PRESSURE MAX(MPa):
SCOPE ID:B

NOTES:

CALIBRATION

xwexxxSCOPE Bewxw
CAL (DC)VOLTAGE IN:8.0 V
DISK D: 120cc#S
TRACK ID:w#

CAL#) (gage#l) /CHAN 1A:8.0 V
CAL VOLTAGE OUT: 9.385V

CAL#2 (gage#2) /CHAN 2A:8.0 V
CAL VOLTAGE OUT: 9.15 V

FIRING

A%k **SCOPE Bhakxx
DISK ID:120ccts

TRACK ID:#2

SENSITIVITY:MIN

CHANNEL WINDOW
1A: Pl 20ms
2a: P2 20ms
12: NA

28: NA

S.RATE
Susxpnt
Susxpnt

PRESSURE MAX(MPa) :230
SCOPE ID:B
GAGE ID:#1
GAGE ID:#2

sample wrapped in cellophane,27.5%3¢ total weigth

0.541g FFFG, electric match
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CONTML1 INFORMATION SHEET FOR CLOSED CHAMBER FIRING
DATE:04/27/95 SERIES RUN#:9 PROJECT: 129.0 CLOSED CHAMBER
PROPELLANT TYPE:JAZ2;7pert;LOT #:RAD-PE-792-71 SAMPLE TREATMENT: 120F
SAMPLE WEIGHT:27.060g GRAIN DIMENSION:0.6"L, O. 3"D; 0.03 WEB
CHAMBERVOL:129.4cc CALCMAX PRESSURE: 270MPa WINDOW: 20ms

MUZZLE GAGE#1 SN(P1l): C20303 SIDE GAGE#2 SN(P2): Cl19928
gage#l:lrstdegfit coeff:5.24E-02;gages2:lrstdegfit coeff:5.21E-02
CALIBRATION
*kkkkSCOPE Ak*dkx *hxexxSCOPE Bhhhkx

CAL (DC)VOLTAGE IN :NA CAL (DC)VOLTAGE IN:8.0 V
DISK ID: NA DISK D: 120ccwS
TRACKID: TRACK ID:#3
CAL#1(gage#l) /CHAN 1A: NA CAL#l(gage#l) /CHAN 1A:8.0 V
VCAL VOLTAGE OUT: CAL VOLTAGE OUT: 9.375V
CAL#2 (gage#2) /CHAN 1B:NA CAL#2(gage#2) /CHAN 2A:8.0 V
CAL VOLTAGE OUT: CAL VOLTAGE OUT: 9.165 V
FIRING

kkkkx SCOPE Ax%rdx ®#kkxx*SCOPE Bh#wwk%
DISK ID: NA DISK ID:120cc#5
TRACK ID: TRACK ID:#4
SENSITIVITY: MIN SENSITIVITY:MIN
CHANNEL WINDOW S.RATE CHANNEL WINDOW . S.RATE
1A: 1As Pl 20ms Susxpnt
1B: 2A: P2 20ms Susxpnt
2A: 1B: NA
2B: 2B: NA
PRESSURE MAX{MPa): ’ PRESSURE MAX(MPa):
SCOPE ID:B SCOPE ID:B

GAGE ID:#l

GAGE ID:#2
NOTES:

sample wrapped in cellophane,27.866g total weigth
0.563g FFFG, electric match
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APPENDIX D:

EXPERIMENTAL PRESSURE AND PULSE
FORMING NETWORK ENERGY OUTPUT
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APPENDIX E:

BURN RATES
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The BRLCB! code was used to obtain the ETC as well as the conventional burn rate analysis.

The first six plots of burn rate vs. pressure correspond to the ETC firings, and the last three

correspond to the conventional firings. Plots show burn rate vs. pressure on log-log axis.

- ! Oberle, W., and D. Kooker. "BRLCB: A Closed-Chamber Data Analysis Program." ARL-TR-36, U.S Army Research
Laboratory, Aberdeen Proving Ground, MD, January 1993.
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ETC BURN RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

D Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO
Inf File: 0411581.inf Created From .MAS File : JA27PERF.MAS
i P/T File: 0411581.pvt Calculation Output File: 04115S81.out
; Smoothed: 04115S81.pdt Graphics File : 0411581.dat

EE File: A:04115S1E.AD

Fired on: 04/11/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY JAZ27PERF @ 70F

USED GAGE#2 AND 04115S2E.AD AS DI/DT DUE YO
FAULTY ROVGOSKY

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) = . 78500
Density (g/cc) :  1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (em.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage I.D. : C19928 -
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
A: .21637E+00
B: .54171E-01
C: -.31853E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 26.9340 Igniter Mass (g): .0000
Initial Temp. Prop.(K): 294. Igniter Temp.(K): 294.
Initial Bomb Temp. (K): 29%4.

Number of Propellant Grains: 25.49

Nuwber of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1
Bridge Length: 15

1 OUTPUT FILE: 04115S1.0P7
. T By P B P e e o e ey

e e e e de de de de e g de de e e e de de e do e de e o dedede de de de de de ke dedede e de ke ek k ke ke ke kdo ke ke dek ke khkkkkkkkhhhkhkikkh ik ki ki
Total # Layers = 1
Chamber Volume (cm3) = 129.400

Heat-Loss-Fraction (n-d) = .000
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ETC BURN RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 04115S2.inf Created From .MAS File : JA27PERF.MAS
P/T File: 04115S82.pvt Calculation Output File: 04115S2.out
Smoothed: 04115S82.pdt Graphics File : 0411582.dat

EE File: A:0411582E.AD

Fired on: 04/11/95

FIRING REMARKS:

TEMPERATURE SENSIVITY JA27PERF @ 70F
USED GAGE # 1 FOR REDUCTION

IGNITER INFORMATION
The Igntier Used 1s : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) : .78500
Density (g/cc) :  1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): . 762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : C47189
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C*2
A:  .66081E+00
B: .61167E-01
C: -.39696E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 26.8890 Igniter Mass (g): .0000
Initial Temp. Prop.(K): 294. Igniter Temp.(K): 294. .
Initial Bomb Temp. (K): 294.

Number of Propetlant Grains: 25.44

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1

Bridge Length: 15

1 OUTPUT FILE: 04115S2.0P7

RRERERREREEAAEERREEXIXEREAARTARAEEEATATAAREREXANAAXEARI AR RRRATARRA TR RARRREERRRERERRRTR

e dede do o e g dede e de e g e e g Je e e e de e de e dede de g de de e e de de g e dede do e de e e e e de de ke de de e e e de g dedede de de e e dede dede g dedede de e de e e ok de e de e ok ke ke

Total # Layers = 1
Chamber Volume (cm3) = 129.400

Heat-Loss-Fraction (n-d) = .000
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ETC BURN RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 04125S83.inf Created From .MAS File : JA27PERF.MAS
P/T File: 0412583.pvt Calculation Output File: 04125S3.out
Smoothed: 0412583.pdt Graphics File : 0412553.dat

EE File: A:04125S3E.AD

Fired on: 04/12/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY JA27PERF @ 120F
gage#2 used as gag2#1 was low

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/9) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) = .78500
Density (g/cc) : 1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Ltength --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : C19928
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
A:  .21637E+00
B:  .54171E-01
C: -.31853E-06

Temperature and Charge Mass Information

Propellant Mass (g) : 26.9460 igniter Mass (g): .0000
Initial Temp. Prop.(K): 322. Igniter Temp.(K): 322.
Initial Bomb Temp. (K): 294.

Number of Propellant Grains: 25.50

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1

Bridge Length: 15

1 OUTPUT FILE: 04125s3.0p7

e v v v s v s e e e 3 e e e e i sk e v sk e e e e e e e e e e e e ke e e e e e e e e e 3 g sk v ke e ke vk e vk o e e o e vk ke e e ok e e e s sk e e e e e e e e e de e

oo de v e v e e e e e e e v e e de e e e s e e e e e e e 2k e e e e e e 2k v e e e ol e e e e e e e e de e de e e e de e de de e e e e e o e de e e gk e e e e e e e de e ek e

Total # Layers = 1
Chamber Volume (cm3) = 129.400

Heat-Loss-Fraction (n-d) = .000

45



(BdW)  4dNSSIdd
U1 0T

84951 € ¢

| 1 |

[=
<~

— 00
-~
-
-0
=
)
o

-

GIN
3184 ININHNG

T

i

(= /W)

ITFIIII T

U1

ANOTRSSATHO LO1d 3184 ININANG

U1



ETC BURN RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by ¢ DEL GUERCIO

Inf File: 04175S4.inf Created From .MAS File : JA27PERF.MAS
P/T File: 04175S4.pvt Calculation Output File: 04175S4.0ut
Smoothed: 04175S4.pdt Graphics File : 0417584 .dat

EE File: A:04175S4E.AD

Fired on: 04/17/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY JA27PERF @ 120F
USED GAGE#2 FOR REDUCTION

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/9) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g9) : .78500
Density (g/cc) :  1.75000 Gamma = 1.21840

PROPELLANT INFORMATION
The Propellant Used 1Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.):  .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : 19928
Bomb Vol (cc): 129.4 Input Voltage: 8.0000 -
Constants For Fit: A+Bx+C"2
A: .21637E+00
B:  .54171E-01
C: -.31853E-06

Temperature and Charge Mass Information
Propellant Mass (g) : 26.9010 Igniter Mass (g): .0000
Initial Temp. Prop.(K): 322. Igniter Temp.(K): 322.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains: 25.46

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1

Bridge Length: 15

1 OUTPUT FILE: 04175S4.0P7

Fedede dode e do e de e de e e e e de e sk e e e e e A e e e e e de e de e de e e de e o e e e de e e s e ok de de e de de ok e e de de e e e ke de e de e s de ke e e e e ke ke ki ke e ke dek

Fe e e Je I e de e e I o d do Jo Je o de e e de e Je e e F e dode e g oo o e d e e de e de Je o I d e o o Je o de Fe e de o de e o e de o e e Ko de de e de g do deode dede dode de dedededede ke ke ke &

Total # Layers = 1
Chamber Volume (cm3) =  129.400

Heat-Loss-Fraction (n-d) = .000
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ADVANCED

Project : 120CC CLOSED BOMB
" Inf File: 04205S5.inf

P/T File: 04205S5.pvt

Smoothed: 04205S5.pdt

ETC BURN RATE ANALYSIS
BRLCB V3.0
BALLISTIC CONCEPTS BRANCH - BRL

Requested by : DEL GUERCIO

Created From .MAS File : JA27PERF.MAS
Calculation Output File: 04205S5.out
Graphics File : 04205S5.dat

EE File: A:04205S5E.AD

Fired on: 04/20/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY JA27PERF @ -25F
USED GAGE#2 FOR REDUCTION

IGNITER INFORMATION

The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:
Impetus (J/9) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) : .78500
Density (g/cc) :  1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.

Length --- (cm.): 1.529080
Outer Diam.(cm.): . 762000
Perf Diam. (cm.):  .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information
Bomb Type :Closed Chamber
Bomb Vol (cc): 129.4

Temperature and Charg
Propellant Mass (g)
Initial Temp. Prop.(K): 241.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains:

.
H

Number of Wildpoint Passes:
Number of Smoothing Passes:
Bridge Length: 15

1 OUTPUT FILE: 04205S5.0P7

| dedededededededededededededdodededededededededededededodededededede ke dedededede ke dededekd ok kdedededhk ke ki kkkkhkkkkkkikkkkkkkkkkikikiki

Tr e de e de e e e o de o e de e e o e A e de e e e o e e e o e e e v e e e e e de I o e e o o 9 o J Fe e de e v e e e de e e Je o de e e de v de d e e dede e de de e de de e de g e dede e

Total # Layers 1

-

Chamber Volume (cm3) =

Heat-Loss-Fraction (n-d)
|
!

26.8030

Gage Information

Gage 1.D. : C19928

Input Voltage: 8.0000
Constants For Fit: A+Bx+C"2
A:  .21637E+00

B:  .54171E-01

C: -.31853E-06

e Mass Information
.0000
241.

Igniter Mass (g):
Igniter Temp.(K):

25.36

1 Wildpoint Tolerance: 5.000

1 Smoothing Option: 1

129.400

-000
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ETC BURN RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 0420586.inf Created From .MAS File : JA27PERF.MAS

P/T File: 04205S86.pvt Calculation Output File: 04205S86.out
. Smoothed: 04205S6.pdt Graphics File : 04205S6.dat

EE File: A:04205S6.EGY

Fired on: 04/20/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY JA27PERF & -25F
USED GAGE#2 FOR REDUCTION

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) : .78500
Density (g/cc) :  1.75000 Gamma s 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : €19928
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
A:  .21637E+00
B:  .54171E-01
C: -.31853E-06

Temperature and Charge Mass Information
Propellant Mass (g) : 26.8120 Igniter Mass (g): .0000
Initial Temp. Prop.(K): 241. Igniter Temp.(K): 294.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains: 25.37

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1

Bridge Length: 15

1 QUTPUT FILE: 04205S86.0P7

Yoo e de e e de de dede Je de de e de de e de v skt e ke o v e e v A e e g v dhe g e s dhe e e ke e e e e de e e e e e v e e e e e e e e e ok 3 o e e de o ke de e e o e ok e de ke e ek e e

e e dede s e e e de e Je e Je e vhe e e e e v ke o e e v e e e Je v e e s e e de e e S e e e e e vk e e de e T dee-do dede e e e oo v e de de e de de e de e e v e e e e de e e de e ok de i

. Total # Layers = 1
Chamber Volume (cm3) = 129.400

Heat-Loss-Fraction (n-d) = .000
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 0425587.inf Created From .MAS File : JA27PERF.MAS

P/T File: 04255S87.pvt Calculation Output File: 04255S7.out
. Smoothed: 04255S7.pdt Graphics File : 04255S7.dat
) Fired on:

IGNITER INFORMATION
The Igntier Used is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) - .78500
Density (g/cc) :  1.75000 Gamma s 1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : €20303
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
A: -.44711E+00
B:  .54134E-01
C: -.17743E-06

Temperature and Charge Mass Information
Propellant Mass (g) : 27.9590 Igniter Mass (g): .5750
Initial Temp. Prop.(K): 294. Igniter Temp.(K): 294.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains: 26.46

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1

Bridge Length: 15

1 OUTPUT FILE: 04255S7.0P7

e e e e de e de Je e de de e de de Je e e Je e v e e v oo e de e e de sk de de s de sk Je g g e e v ke de de e Je e de de de Je s Je v e Je s e e e e T e Je de e s s o v de % 3k de e e de e de e e de Rk
Yk vk Rk kdedhdkihikkihihkkiihikkiiiikikikkhkkihhikhikhikhhkiihiikiihkiikhhhkiikitkiiiitiir
Total # Layers = 1

Chamber Volume (cm3) = 129.400

. Heat-Loss-Fraction (n-d) = .000
Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200
Convergence Criterion = .10000000E-04
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 04265S8.inf Created From .MAS File : JA27PERF.MAS
P/T File: 04265S8.pvt Calculation Output File: 0426558.out
Smoothed: 04265S8.pdt Graphics File : 04265s8.dat

Fired on: 04/26/95

FIRING REMARKS:

TEMPERATURE SENSITIVITY CONV. FIRING
JA27PERF @ -25F, used gage#1

IGNITER INFORMATION
The lgntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/9) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) : .78500
Density (g/cc) :  1.75000 Gamma :  1.21840

PROPELLANT INFORMATION
The Propellant Used Is : JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propel lant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.): .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : C20303
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
A:  -.44711E+00
B:  .54134E-01
C: -.17743E-06

Temperature and Charge Mass Information
Propellant Mass (g) : 26.7890 Igniter Mass (g): .5410
Initial Temp. Prop.(K): 241. Igniter Temp.(K): 294.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains: 25.35

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1
Bridge Length: 15

1 OUTPUT FILE: 04265s8.0p7

e e e v de e e 2k e e ol e de sk e v e v v ke e vk e sk e e et e e s sl e s e s dhe e e sk de v e de ke vl e e e e e s e o ke e e e e e e e ol ke ol e e e e vl o e e e e de ke ke e o e de e A

e e e e e o e o e o e v e s e e e v e e e s sl o e e e s A sl e e e e e e s e e vk e e e e e e e S s s e e e e e e e e o e e de e e e s e e e e e e e e e de Je e de e de e e de Ko

Total # Layers = 1
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BURNING RATE ANALYSIS
BRLCB V3.0
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL

Project : 120CC CLOSED BOMB Requested by : DEL GUERCIO

Inf File: 04275S9.inf Created From .MAS File : JA27PERF.MAS
P/T File: 04275S9.pvt Calculation Output File: 04275S9.out
Smoothed: 04275S89.pdt Graphics File : 0427559.dat

Fired on: 04/27/95

FIRING REMARKS:

TEMPERSTURE SENSITIVITY, CONV. FIRING
JA27PERF @ 120F, gage#1 used.

IGNITER INFORMATION
The Igntier Used Is : Black Powder Lot: FFFG
The Source For The Igniter Is: Pellets, Milan Ord.

IGNITER THERMOCHEMICAL PROPERTIES:

Impetus (J/g) : 290.0 Molecular Weight : 66.37000
Flame Temperature (K): 2188.0 Covolume (cc/g) : . 78500
Density (g/cc) :  1.75000 Gamma : 1.21840

PROPELLANT INFORMATION
The Propellant Used Is s JA-2 7-PERF GRANULAR Lot: RAD-PE-792-71
The Source For The Propellant Is: RADFORD ARMY AMMUNIT

Propellant Thermochemical Properties: Following
Sheets of Output

PROPELLANT GRAIN GEOMETRY

Grain Type:7-Perf. Cyl.
Length --- (cm.): 1.529080
Outer Diam.(cm.): .762000
Perf Diam. (cm.):  .066040
Inner Web (cm.): .130810
Outer Web (cm.): .151130

Bomb Information Gage Information
Bomb Type :Closed Chamber Gage 1.D. : €20303
Bomb Vol (cc): 129.4 Input Voltage: 8.0000

Constants For Fit: A+Bx+C"2
Az -.44T11E+00
B:  .54134E-01
C: -.17743E-06

Temperature and Charge Mass Information
Propellant Mass (g) : 27.0600 Igniter Mass (g): .5630
Initial Temp. Prop.(K): 322. Igniter Temp.(K): 294.
Initial Bomb Temp. (K): 294.
Number of Propellant Grains: 25.61

Number of Wildpoint Passes: 1 Wildpoint Tolerance: 5.000
Number of Smoothing Passes: 1 Smoothing Option: 1
Bridge Length: 15

1 OQUTPUT FILE: 04275s9.0p7

Fededededodededededededededdodedo e g dededededededede dedede dede e o de ok ek ke de e ek e do ek ke ek e ek e e de e e e s ke bk kR ke kA ke kh ke dk kR k
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Total # Layers = 1

Chamber Volume (cm3) =  129.400
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COPIES

ORGANIZATION

ADMINISTRATOR

ATTN DTIC DDA

DEFENSE TECHNICAL INFO CTR
CAMERON STATION
ALEXANDRIA VA 22304-6145

DIRECTOR

ATTN AMSRL OP SD TA
US ARMY RESEARCH LAB
2800 POWDER MILL RD
ADELPHI MD 20783-1145

DIRECTOR

ATTN AMSRL OP SD TL
US ARMY RESEARCH LAB
2800 POWDER MILL RD
ADELPHI MD 20783-1145

DIRECTOR

ATTN AMSRL OP SD TP
US ARMY RESEARCH LAB
2800 POWDER MILL RD
ADELPHI MD 20783-1145

ABERDEEN PROVING GROUND

DIR USARL
ATTN AMSRL OP AP L (305)
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NO. OF

COPIES ORGANIZATION

1

126

COPIES ORGANIZATION

HQDA AMSRL-WT-PA,
ATTN SARD TR " 'R. ANDERSON
K KOMINOS A. BIRK
PENTAGON C. BULLOCK
WASHINGTON DC 20310-0103 A. BRANT
L-M. CHANG
HQDA T. COFFEE
ATTN SARD TR J. COLBURN
R CHAIT P. CONROY
PENTAGON M. DEL GUERCIO (5 CP)
WASHINGTON DC 20310-0103 3. DESPIRITO
S. FORTIER
DIRECTOR J. HEWITT
ARMY RESEARCH OFFICE S. HOWARD
ATTN AMXRO MCS K CLARK A. JOHNSON
PO BOX 12211 A. JUHASZ
RESEARCH TRIANGLE PARK NC G. KATULKA
27709-2211 G. KELLER
M. KIWAN
DIRECTOR J. KNAPTON
ARMY RESEARCH OFFICE D. KOOKER
ATTN AMXRO RT IP LIB SERV D. KRUCZYNSKI
PO BOX 12211 C. LEVERITT
RESEARCH TRIANGLE PARK M. MCQUAID
27709-2211 T. MINOR
M. NUSCA
ABERDEEN PROVING GROUND K. NEKULA
W. OBERLE
DIR, USARL P. REEVES
ATTN: AMSRL-SC, M. RIDGLEY
W. MERMAGEN T. ROSENBERGER
W. STUREK C. RUTH
AMSRL-SC-C, H. BREAUX L. STOBIE
AMSRL-SC-CC, P. TRAN
J. GROSH 1. TUERK
A. CELMINS K. WHITE
AMSRL-SC-S, A. MARK A. WILLIAMS
AMSRL-SL-B, P. DEITZ (328) G. WREN
AMSRL-SL-BA, J. MORRISSEY (433) AMSRL-WT-PB,
AMSRL-SL-BG, A. YOUNG (238) M. BUNDY
AMSRL-SL-BL, M. RITONDO (328) P. PLOSTINS
AMSRL-SL,BS, D. BELY (328) AMSRL-WT-PC,
AMSRL-SL-BV, R. SANDMEYER (247) G. ADAMS
AMSRL-SL-I, M. STARKS (433) W. ANDERSON
AMSRL-WT, R. BEYER
D. ECCLESHALL S. BUNTE
I. MAY A. COHEN
J. ROCCHIO R. FIFER

AMSRL-WT-P, A. HORST
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NO. OF
COPIES ORGANIZATION

ABERDEEN PROVING GROUND (CONT)

AMSRL-WT-PC (CONT)

B. FORCH

J. HEIMERL

A. KOTLAR

M. MILLER

L. SEGER

A. MIZIOLEK

M. SCHROEDER

J. VANDERHOFF

S. MEDLIN

K. MCNESBY

N. FELL

J. WIDDER

J. MORRIS

S. NEWTON

R. PESCE-RODRIGUEZ
AMSRL-WT-PD,

A. ABRAHAMIAN

). BENDER

B. BURNS

M. LEADORE

G. GAZONAS

R.LIEB

C. HOPPEL

L. BURTON

W. DRYSDALE

T. ERLINE

A. FRYDMAN

D. HOPKINS

R. KASTE

S. WILKERSON
AMSRL-WT-T, W. MORRISON
AMSRL-WT-TA,

M. BURKINS

W. GILLICH
AMSRL-WT-TB,

K. BENJAMIN

R. FREY
AMSRL-WT-TC,

W. DE ROSSET

B. SORENSEN

G. SILSBY
AMSRL-WT-TD, A. DIETRICH
AMSRL-WT-W, C. MURPHY
AMSRL-WT-WA,

A. BARAN

B. MOORE

H. ROGERS
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AMSRL-WT-WB,
F. BRANDON
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